As part of a larger study using 454 pyrosequencing to investigate the vaginal microbiota of women with bacterial vaginosis (BV), we found an association between a novel BV-associated bacterium (BVAB1) and high Nugent scores and propose that BVAB1 is the curved Gram-negative rod traditionally identified as Mobiluncus spp. in vaginal Gram stains.
Gram-negative rods (Bacteroides spp. morphotypes), and curved Gram-negative or Gramvariable rods (Mobiluncus spp. morphotypes). A score of 0-3 is graded as lactobacilluspredominate normal vaginal flora; 4-6 as intermediate flora (emergence of G. vaginalis) ; and 7-10 as abnormal vaginal flora consistent with BV (disappearance of Lactobacillus spp. with numerous G. vaginalis and strict anaerobes). The sensitivity and specificity of the Nugent score compared with the Amsel criteria ) (used for the clinical diagnosis of BV) are 89% and 83%, respectively (Schwebke et al., 1996) .
While cultivation-dependent techniques have identified G. vaginalis and other BVassociated bacteria (Eschenbach et al., 1989; Hillier et al., 2008; Marrazzo et al., 2002; Spiegel et al., 1983) , recent advances in high-throughput sequencing have facilitated the detection and identification of previously uncultivated BV-associated bacteria (Marrazzo et al., 2010; Srinivasan and Fredricks, 2008) . These advances could potentially impact the definition of the Nugent score. As part of a larger study using pyrosequencing to investigate the vaginal microbiota of sexual risk behavior groups of women with BV (Muzny et al., 2013) , we found an association between a novel BV-associated bacterium (BVAB1) (Fredricks et al., 2005) and high Nugent scores. This association suggests that BVAB1 may be the curved Gram-negative rod traditionally assumed to be Mobiluncus spp. in vaginal Gram stains, as noted in previous studies (Srinivasan et al., 2013; Zozaya-Hinchliffe et al., 2010 (Muzny et al., 2011) (n = 68) or a Mycoplasma genitalium cohort study between October 2006 and January 2009 (data unpublished) (n = 44). Total genomic DNA was purified, and 454 pyrosequencing was performed, as previously reported (Muzny et al., 2013) . Briefly, total genomic DNA was isolated and purified using the QIAamp kit according to the manufacturer's instructions (Qiagen, Valencia, CA, USA). The V1-V3 region of the 16S rRNA gene was amplified using the primers 28F: 5′-GAGTTTGATCNTGGCTCAG-3′ and 519R: 5′-GTNTTACNGCGGCKGCTG-3′, and amplicons were reamplified with bar-coded primers for sequencing by 454 pyrosequencing (Research Laboratories, Lubbock, TX, USA). Raw sequences were analyzed and organized using QIIME, as previously reported (Muzny et al., 2013) . The number of reads per sample ranged from 2499 to 25, 274 with an average of 8467 reads per sample. The average read length was 492 bases across all samples.
Sequences were grouped into operational taxonomic units (OTUs) using the clustering program UCLUST (Edgar, 2010) at a similarity threshold of 0.97. The Ribosomal Database Program (RDP) classifier (Wang et al., 2007) was used to assign taxonomic category to all OTUs at a confidence threshold of 80% (0.8). The RDP classifier uses the 16S rRNA RDP database, which has taxonomic categories predicted to the genus level (Cole et al., 2009) . Since the RDP classifier provides taxonomic identification of OTUs only to the genus level, selected highly abundant OTUs (including OTU-624, the most highly abundant OTU across all samples in this study at 26% (Muzny et al., 2013) and subsequently identified as BVAB1) were manually searched using the Basic Local Alignment Search Tool (BLAST) against a nonredundant database at the National Center for Biotechnology Information (NCBI) Web site (available at http://blast.ncbi.nlm.nih.gov), as previously reported (Muzny et al., 2013) . If top BLAST hits had species information, that information was assigned to the OTU. If more than 1 top BLAST hits had similar alignment quality, the lowest common taxonomy was used for assignment. For validation, BLAST alignments were reviewed manually for coverage and alignment quality.
Specifically regarding the assignment of reads to BVAB1, BVAB1 sequences were aligned with all OTU sequences using BLAST. It was found that OTU-624 had >99% identity with the BVAB1 sequence (gi|66878803|gb|AY959097.1|). OTU-624 is classified by the RDP classifier as Lachnospiraceae with no genus-level classification given. This OTU-624 sequence also demonstrated the highest degree of homology to BVAB1 when submitted to the NCBI database (13 May, 2014). All OTUs classified as Lachnospiraceae by the RDP Classifier were not BVAB1, although the overwhelming majority (>99%) were most identical to BVAB1. As seen in Supplementary Tables S1 and S2, 98 OTUs belonged to Lachnospiraceae, of which 13 were classified to the genus level. Of all OTUs belonging to Lachnospiraceae, 99.33% belonged to OTU-624, which was consistently called BVAB1 by the NCBI database. Of the remaining 85 OTUs classified to the family level, a single OTU (OTU 624) made up 99.44% of all sequences. These findings suggest that Lachnospiraceae sequences classified only to the family level were, indeed, overwhelmingly BVAB1.
Statistical analysis was performed using STATA 12.1 (StataCorp, College Station, TX, USA). Generalized linear models with gamma distributions and log link functions were used to estimate means and relative ratios (RR) of sequence reads for comparison between BVAB1 and Mobiluncus spp., stratified by Nugent score. Huber-White robust SEs and 95% confidence intervals (CIs) were calculated. A plot was constructed for visual comparison of the means and 95% CIs.
A total of 112 women with BV were included (Table 1) . Demographic characteristics of this cohort have been presented previously (Muzny et al., 2013) ; 109/112 (97.3%) women were African American. The mean number of raw sequence reads mapped to Mobiluncus spp. or BVAB1 among women in this cohort, stratified by Nugent score Brotman et al., 2010; Nugent et al., 1991; Schwebke et al., 1996) , is shown in Fig. 1 . There was a statistically significant relative increase in the mean number of reads/sample for BVAB1 compared to Mobiluncus spp. for a Nugent score of 7 (RR: 59; 95% CI [06, 558] ; P< 0.001), for a Nugent score of 8 (RR: 112; 95% CI [34, 366] ; P< 0.001), for a Nugent score of 9 (RR: 53; 95% CI [17, 169] ; P< 0.001), and for a Nugent score of 10 (RR: 71; 95% CI [33, 148] ; P< 0.001). The mean number of reads/sample for BVAB1 was highest among women with Nugent scores 9-10.
In this study, analysis of BVAB1 relative abundance and Nugent score showed that BVAB1 was significantly associated with high Nugent scores, particularly scores of 9-10. These results confirman observation made by Zozaya-Hinchliffe et al. (2010) in which BV cases with a Nugent score of 10 had a high abundance of BVAB1. Using fluorescence in situ hybridization (FISH), Fredricks et al. (2005) have demonstrated that BVAB1 is a thin, curved rod. Mobiluncus is also a thin, curved rod similar to BVAB1, but slightly larger. Although Mobiluncus spp. (i.e. Mobiluncus curtisii and Mobiluncus mulieris) are morphologically similar to BVAB1, their 16S rRNA genes share only 80% nucleotide identity. When the Nugent score was originally developed (Nugent et al., 1991) , it was assumed, based on vaginal flora culture data available at the time, that Mobiluncus was the curved gram negative rod observed on vaginal Gram stains. Our data and the ZozayaHinchliffe data indicate that this assumption may be incorrect and that, in fact, it is predominately BVAB1 that accounts for the 2 points necessary for Nugent scores of 9 and 10. Our findings also support those reported in a study of bacteria detected by broad-range 16S rRNA gene sequencing and bacterial morphotypes detected in vaginal Gram stains from 220 women with and without BV (Srinivasan et al., 2013) . They found evidence that curved Gram-negative rods designated Mobiluncus spp. by Gram stain were more likely to be BVAB1. This study also used species-specific quantitative PCR to determine concentrations of Mobiluncus spp. and BVAB1 and found that, among women with Nugent scores 9-10, the mean concentration of BVAB1 DNA was 100-fold greater than that of Mobiluncus spp. (P< 0.001). Additionally, FISH analyses in this study revealed that the mean number of BVAB1 cells was 2 log units greater than Mobiluncus cells in women with high Nugent scores (P< 0.001).
The majority of participants in our study were African American and represented 3 different groups of women related to sexual activity. Differences in the composition of vaginal microbial communities of women with and without BV of different racial, ethnic, and sexual behavior groups have been noted (Muzny et al., 2013; Ravel et al., 2011; Srinivasan et al., 2012; Zhou et al., 2007) , and our results may not be generalizable to all women. We were also not able to include an age-matched control group of women who have sex with women (WSW), women who have sex with women and men (WSWM), and women who have sex with men (WSM) with normal vaginal flora to reveal the baseline microbiome in each sexual behavior group. In addition, it is possible that bacteria other than BVAB1 present in high Nugent scoring samples in this study could possess the same morphotype as Mobiluncus spp. Direct visual confirmation using FISH, for example, would be a rational next step in this analysis; however, this pilot study did not have any material available after sequencing was performed. It is of interest to note, however, that other highly abundant taxonomic groups in this sample (including Prevotella, Sneathia, Megasphaera, and Atopobium) (Muzny et al., 2013) do not have morphotypes consistent with that of curved Gram-negative rods (Murray et al., 2007) . Nevertheless, despite these limitations, our data are consistent with that of prior studies (Srinivasan et al., 2013; Zozaya-Hinchliffe et al., 2010) and suggest that BVAB1 is the curved Gram-negative rod traditionally identified as Mobiluncus spp. in vaginal Gram stains. Additional studies exploring the association between BVAB1 and high Nugent scores are necessary, as this could impact the definition of the Nugent score. Estimated mean plot for mean number of Mobiluncus spp. and BVAB1 reads/sample among the cohort of women (n = 112). Black solid diamond: Estimated mean with 95% CI; black solid circle: Estimated mean with 95% CI; hollow diamonds or circles represent sequence counts of BVAB1 and Mobiluncus spp. reads for each observation, respectively. 
